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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR PATENT 

INVENTOR: Klaus Vogler, Frank Voss and Elko Bergmann 

TITLE: Energy Monitor for Molecular Fluorine Laser 

ATTY DOCKET: LMPY-11310 

PRIORITY 

This application claims the benefit of priority to United States 
provisional patent application no. 60/177,809, filed January 25, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to an energy monitoring device, and particularly 
for monitoring the energy of a molecular fluorine laser emitting around 157 
nm. 

2. Discussion of the Related Art 

In the past, i.e., prior to the investigations leading up to the present 
application, very little was known about the behavior of UV-photodetectors 
under long-term 157 nm laser pulse radiation exposure. Only a limited number 
of CW synchrotron exposure experiments had been done at Physikalisch- 
Technische Bundesanstalt, Berlin (PTB) and the National Institute of 
Standards and Technology (NIST). 

Until now, no reliable energy monitor for detecting the pulse energy of 
a molecular fluorine (F2) laser emitting around 157 nm has been available. 
For detecting 193 nm and 248 nm excimer laser radiation, UV-photodetectors 
such as the International Radiation Detectors, Inc. (IRD) UVG 100 or the 
Hamamatsu S 5226 or S1226 have been used typically as energy monitor 
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detectors. However, these detectors strongly degrade under 157 nm laser 
exposure. 

It is therefore desired to have a reliable photodetector for monitoring 
pulse energies and/or another parameter of a molecular fluorine laser beam. 

RECOGNIZED IN THE INVENTION 
Energy monitors are known for use with ArF and KrF excimer lasers 
emitting around 193 nm and 248 nm, respectively. These energy monitors are 
generally not useable for detecting 157 nm laser radiation. First, these 
previously used UV-detectors strongly degrade when used to detect a 
molecular fluorine laser beam, owing to the high photon energies associated 
with their 157 nm (7.9 eV) emission radiation. Second, any 157 nm energy 
monitor will use a special design, because of a very high sensitivity to residual 
absorption by gaseous species such as oxygen, water vapor and 
hydrocarbons at this wavelength, and due to contamination and degradation 
of optical components. Sophisticated purge and beam delivery conditions will 
be used to prevent degradation of the energy monitor during long term usage 
for detecting 157 nm radiation. 

SUMMARY OF THE INVENTION 
In accord with the above object, a beam parameter monitoring unit for 
coupling with a molecular fluorine (F2) and/or ArF laser resonator that 
produces an output beam having a wavelength around 157 nm and 193 nm, 
respectively, according to a first aspect of the invention is provided. The 
beam parameter monitoring unit includes an beam splitter, a detector and a 
beam path enclosure. The beam splitter is preferably uncoated and formed of 
substantially VUV transparent material disposed to reflect a portion of 1 57 nm 
radiation in the output beam. The detector measures at least one optical 
parameter of the output beam portion reflected by the beam splitter. The 
beam path enclosure contains the beam splitter and has an interior prepared 
such that an optical path of the beam portion through the enclosure from the 
laser resonator to the detector via the reflection by the beam splitter is 
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substantially free of VUV photoabsorbing species so that the beam portion 
reflected by the beam splitter reaches the detector without substantial 
attenuation from the photoabsorbing species. 

In further accord with the above object, a beam parameter monitoring 
unit for coupling with a molecular fluorine (F 2 ) and/or ArF laser resonator that 
produces an output beam having a wavelength around 157 nm and 193 nm, 
respectively, according to a second aspect of the invention is provided. The 
monitoring unit includes a beam splitter, a detector and a beam path 
enclosure. The beam splitter is disposed to separate the output beam into a 
first component and a second component, wherein the first component is 
used for processing a workpiece. The detector according to this second 
embodiment includes a platinum silicide window for measuring at least one 
optical parameter of the second component of the output beam after the beam 
splitter. The platinum silicide window reduces VUV radiation exposure 
induced instability of the detector. The beam path enclosure contains the 
beam splitter and has an interior prepared such that an optical path of the 
second component of the output beam through the enclosure from the laser 
resonator to the detector via the beam splitter is substantially free of VUV 
photoabsorbing species so that the second component reaches the detector 
without substantial attenuation from the photoabsorbing species. 

In further accord with the above object, a beam parameter monitoring 
unit for coupling with a molecular fluorine (F 2 ) and/or ArF laser resonator that 
produces an output beam having a wavelength around 157 nm and 193 nm, 
respectively, according to a third aspect of the invention is provided. The 
monitoring unit includes a beam splitter, a detector and a beam path 
enclosure. The beam splitter is disposed to separate the output beam into a 
first component and a second component, wherein the first component is 
used for processing a workpiece. The detector according to this third 
embodiment includes platinum silicide for measuring at least one optical 
parameter of the second component of the output beam after the beam 
splitter. The diode detector including platinum silicide reduces VUV radiation 
exposure induced instability of the detector. The beam path enclosure 
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contains the beam splitter and has an interior prepared such that an optical 
path of the second component of the output beam through the enclosure from 
the laser resonator to the detector via the beam splitter is substantially free of 
VUV photoabsorbing species so that the second component reaches the 
detector without substantial attenuation from the photoabsorbing species. 

In further accord with the above object, a beam parameter monitoring 
unit for coupling with a molecular fluorine (F2) and/or ArF laser resonator that 
produces an output beam having a wavelength around 157 nm and 193 nm, 
respectively, according to a fourth aspect of the invention is provided. The 
monitoring unit includes a detector and a beam path enclosure. First and 
second beam components are outcoupled from the laser resonator. The first 
component is used for processing a workpiece, while the second component 
is received at a detector including platinum silicide. The detector according to 
this fourth embodiment includes platinum silicide for measuring at least one 
optical parameter of the second component of the output beam, which 
preferably has a known relationship to a value of that parameter of the first 
component. The beam path enclosure has an interior prepared such that an 
optical path of the second component of the output beam through the 
enclosure from the laser resonator to the detector is substantially free of VUV 
photoabsorbing species so that the second component reaches the detector 
without substantial attenuation from the photoabsorbing species. 

In further accord with the above object, a beam parameter monitoring 
unit for coupling with a molecular fluorine (F 2 ) and/or ArF laser resonator that 
produces an output beam having a wavelength around 157 nm and193 nm, 
respectively, and an emission of visible radiation according to a fifth aspect of 
the invention is provided. The monitoring unit includes a beam splitter, a 
detector, a beam path enclosure and means for separating the visible 
radiation from the 157 nm radiation. The beam splitter is disposed to 
separate the output beam into a first component and a second component, 
wherein the first component is used for processing a workpiece. The detector 
measures at least one optical parameter of the second component of the 
output beam after the beam splitter. The beam path enclosure contains the 
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beam splitter and has an interior prepared such that an optical path of the 
second component of the output beam through the enclosure from the laser 
resonator to the detector via the beam splitter is substantially free of VUV 
photoabsorbing species so that the second component reaches the detector 
without substantial attenuation from the photoabsorbing species. The 
separating means is disposed between the resonator and the detector. 

In further accord with the above object, a beam parameter monitoring 
unit for coupling with a molecular fluorine (F 2 ) and/or ArF laser resonator that 
produces an output beam having a wavelength around 157 nm and 193 nm, 
respectively, according to a sixth aspect of the invention is provided. The 
monitoring unit includes a beam splitter, a detector and a beam path 
enclosure. The beam splitter is disposed to separate the output beam into a 
first component and a second component, wherein the first component is 
used for processing a workpiece. The detector measures at least one optical 
parameter of the second component of the output beam after the beam 
splitter. The beam path enclosure includes one or more ports for purging the 
beam path enclosure with an inert gas to maintain the enclosure substantially 
free of VUV photoabsorbing species. The beam path enclosure contains the 
beam splitter. The optical path of the second component of the output beam 
through the enclosure from the laser resonator to the detector via the beam 
splitter is substantially free of VUV photoabsorbing species so that the second 
component reaches the detector without substantial attenuation from the 
photoabsorbing species. 

In further accord with the above object, a molecular fluorine (F 2 ) or ArF 
laser system is provided including a discharge chamber, multiple electrodes, a 
resonator and a beam parameter monitoring unit according to any of the first 
to sixth aspects of the invention. The discharge chamber is filled with a laser 
gas including molecular fluorine and a buffer gas, and further includes argon 
for the ArF laser. The multiple electrodes in the discharge chamber are 
connected to a discharge circuit for energizing the laser gas. The resonator 
has the discharge chamber therein for generating an output beam. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows beam splitting enclosure including an 
energy monitor and beam splitting optics. 

Fig. 2 schematically shows an energy monitor housing which includes 
a VUV-detector, insertions for several mesh attenuators and scattering plates, 
a purge gas inlet and a signal cable connector plug. 

Fig. 3 schematically shows a portion of a detector housing including a 
vacuum tight interconnection between exchangeable detectors and a pass 
through BNC-connector. 

Fig. 4a shows several plots of signal intensity versus shot number 
illustrating detector stabilities over millions of 157 nm molecular fluorine laser 
pulses at different exposure levels per pulse and indicating absolute exposure 
amounts. 

Fig. 4b shows a plot of detector stability for a SXUV detector mounted 
in an energy detector housing over several millions 157 nm molecular fluorine 
laser pulses. 

Fig. 5 is an image of an outer view of an energy monitor housing 
showing a purge gas inlet, a BNC-signal plug and a DN 40 flange for vacuum 
tight mounting. 

Fig. 6 shows several plots of absolute spectral response for different 
VUV-detectors in the spectral range of 120 nm to 250 nm measured by 
tunable synchrotron radiation. 

Figs. 7a-7d show plots illustrating that a small degradation of spectral 
sensitivity for each of a UVG 100 VUV-detector (Figs. 7a-7b) and a UVG 004 
VUV-detector (Figs. 7c-7d) is observed after 157 nm exposure with more than 
one billion laser shots. 

Figs. 8a-8b show plots illustrating that a strong degradation of spectral 
sensitivity of a AXUV 100 VUV-detector is observed after 157 nm exposure 
with more than one billion laser shots. 
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Figs. 9a-9b show plots illustrating that a negligible degradation of 
spectral sensitivity of a SXUV 100 VUV-detector is observed after 157 nm 
exposure with more than one billion laser shots. 

Figs. 10a-10b illustrate reproduceability in the spectral response of a 
SXUV-VUV-detector after 157 nm exposure after more than one billion laser 
shots, wherein Fig. 10a is a plot for a SXUV 037 detector and Fig. 10b is a 
plot for a SXUV 002 detector, and only small individual deviations are 
observed. 

Figs. 1 1a-11b illustrate that a nearly zero degradation of spectral 
sensitivity of a PtSi VUV detector is observed after 1 57 nm exposure with 
more than one billion laser shots. 

Fig. 11c shows an embodiment of a preferred detector 3 for use in a 
preferred embodiment. 

Figs. 12a-12b illustrate that a small degradation of spectral sensitivity 
of a GaP VUV detector is observed after 157 nm exposure with more than 
one billion laser shots. 

Fig. 13 shows a molecular fluorine (or ArF) laser system in accord with 
a preferred embodiment. 

INCORPORATION BY REFERENCE 

What follows is a cite list of references each of which is, in addition to 
those references cited above and below herein, including that which is 
described as background, and the above invention summary, are hereby 
incorporated by reference into the detailed description of the preferred 
embodiment below, as disclosing alternative embodiments of elements or 
features of the preferred embodiments not otherwise set forth in detail below. 
A single one or a combination of two or more of these references may be 
consulted to obtain a variation of the preferred embodiments described in the 
detailed description below. Further patent, patent application and non-patent 
references are cited in the written description and are also incorporated by 
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reference into the detailed description of the preferred embodiment with the 
same effect as just described with respect to the following references: 

K. Solt, et al., PtSi-n-Si Schottky-barrier photodetctors with stable spectral 
responsitivity in the 120-250 nm spectral range, Appl. Phys. Lett 69, 3662 
(1996); 

P.S. Shaw, et al. Ultraviolet radiometry with synchrotron radiation and 
cryogenic radiometry, Appl. Optics 38, 18 (1999); 

P.S. Shaw, et al M New ultraviolet radiometry beamline at the Synchrotron 
Ultraviolet Facility at NIST, Metrologia 35, 301 (1998); 

P. Kuschnerus, et al., Characterization of photodiodes as transfer detector 
standards in the 120 nm to 600 nm spectral range, Metrologia 35, 355 (1998); 

IRD datasheet, SXUV Series Photodiodes, September 1999 (www.ird- 

inc.com); 

R. Korde, et al., One Gigarad passivating Nitride Oxide for 100% Internal 
Quantum Efficiency Silicon Photodiodes, IEEE Transactions on Nuclear 
Science 40, 1655 (1993); 

LR. Canfield, et al., Absolute Silicon photodiodes for 160 nm to 254 nm 
Photons Metrologia 35, 329 (1998); 

R. Korde, et al., Stable silicon photodiodes with platinium Silicide front 
window for the ultraviolet, presented at the VUV-XII conference; and 

United States patent applications no. 09/512,417, 09/598,552, 60/166,952, 
09/343,333, 09/594,892, 09/131,580, 09/317,527, 09/317,695, 60/173,993, 
60/166,967, 60/170,919 and 09/588,561, each application of which is 
assigned to the same assignee as the present application. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides a detector for a monitoring an output beam 
parameter of a molecular fluorine or argon fluoride gas discharge laser 
operating at 157 nm or 193 nm, respectively. The preferred embodiment 
generally discloses a detector for use with molecular fluorine lasers emitting 
around 157 nm, but that disclosure is meant to refer to use with ArF lasers 
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emitting around 193 nm, as well, except for that discussion that specifically 
relates to separating a visible emission from a 157 nm emission which 
discussion is specifically drawn to the F2 laser. Preferred embodiments show 
little or no degradation of spectral sensitivity even after more than one billion 
laser shots or output pulses. The preferred embodiments include VUV- 
photodetectors which are very stable under strong 157 nm laser exposure 
with fluences > 1 mJ/cm 2 and laser repetition rates > 500 Hz under inert gas 
purged illumination conditions. 

The preferred embodiments include a purgeable vacuum tight energy 
monitor housing which contains an advantageously stable VUV-photodiode 
detector, laser beam attenuators, apertures, VUV-light scattering plates, 
electrical pass through means, purge gas inlet and/or means of flowing 
purging gas through the exposed detector housing. Fig. 1 schematically 
shows a beam splitting enclosure including an energy detector 3 within an 
energy detector housing 2 and beam splitting optics 4a, 4b within a beam path 
enclosure preferably connected through a vacuum seal to the detector 
enclosure 2. 

Fig. 1 shows in detail a beam path enclosure 1 containing the beam 
splitting optics 4a, 4b. The enclosure 1 preferably has an interior prepared 
such that an optical path of a incoming beam 7a and a split off beam portion 
7c of the beam 7a through the enclosure 1 from a laser resonator (not shown) 
to a detector housing 2 containing the detector 3 is substantially free of VUV 
absorbing species so that the beam portion 7c can reach the detector without 
substantial attenuation due to the presence of VUV absorbing species. 

The incoming beam 7a is preferably coming from a molecular fluorine 
laser resonator (not shown). The enclosure 1 is either connected directly to 
the outcoupler of the laser resonator, or at least a beam path from the 
outcoupler to a window 9 of the enclosure is substantially free of VUV 
absorbing species such as water vapor, oxygen and hydrocarbons such as 
having a flow of inert gas continuously present in the path of the beam 7a. 
The outcoupling from the laser resonator is preferably at a partially reflecting 
resonator reflector such as a partially reflecting mirror or interferometric 
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device such as an etalon or otherwise as may be described at U.S. patent 
application no. 09/715,803, which is assigned to the same assignee and is 
hereby incorporated by reference. 

The beam 7b is shown passing through the beam splitter 4a and 
exiting from the enclosure 1. Preferably, another enclosure such as of an 
imaging system or of a beam path that leads to an application process is 
connected directly to the enclosure, or at least the beam path is free of VUV 
absorbing species, such as described above with respect to the incoming 
beam. The beam 7a may alternatively be previously split off from a beam that 
is transmitted to an application process, or the beam that is used at the 
application process may be outcoupled from the resonator at a different 1 
location of the resonator than the beam portion 7a, such as at a reflecting 
surface within the resonator, or vice-versa with respect to these two beams. 

The beam 7a is shown incident at a beam splitter 4a. In this 
embodiment, the beam splitter 4a is preferably an uncoated VUV transmissive 
plate such as may be formed from CaF 2 or MgF 2l or alternatively another VUV 
transmissive material such as BaF 2l LiF, or another material known to those 
skilled in the art. Advantageously, the preferred uncoated CaF 2 or MgF 2 plate 
is used so that coating damage is prevented from exposure to a high energy 
VUV beam, and so that a visible emissionfrom the molecular fluorine laser is 
significantly suppressed from the beam 7b. The beam 7c is then reflected 
from a VUV mirror 4b through optics 5 and into the detector enclosure 2 and 
is incident on the detector 3. 

As a whole the energy monitor unit includes a beam separation box 
containing beam splitting optics 4a, 4b and the VUV detector housing 2 which 
contains a preferred VUV-photodetector 3, as described in more detail below. 
Preferably, the VUV detector housing 2 is directly connected to the beam path 
enclosure 1 by a suitable vacuum fitting, preferably a DN40 flange (not shown 
in Fig. 1, but see flange 16 at Fig. 2). Both housings 1 and 2 are preferably 
vacuum tight and are purged by suitable purge gases such as N 2 or Ar or 
another inert gas that does not significantly absorb VUV radiation, e.g., 
around 157 nm. This preferred arrangement advantageously prevents 
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absorption of the 157 nm VUV radiation which is emitted by the molecular 
fluorine (F2) laser, and enters the beam enclosure 1 from the left in Fig. 1 via a 
purged beam line directly connected to the output coupler of the laser 
resonator (not shown in Fig. 1), or otherwise as discussed above. 

In a preferred embodiment, the beam separation box including the 
enclosure 1 contains suitable optics to split a certain beam portion 7c (about 
1% to 15%) of the main beam 7a, and redirect the beam portion 7c into the 
detector housing 2, and those optics may be alternatively to those described 
above, such as are described at the '552 and/or '952 applications, mentioned 
above. In addition, to reduce and attenuate the amount of red light in the 
beam portion 7c, means are preferably used to further reduce or cancel totally 
the residual red light emission of the molecular fluorine laser from the detector 
beam 7c. Such means may include an aperture disposed at or near position 
8 of Fig. 1 , or a special absorber shield may be used, such as may surround 
the VUV mirror 4b which preferably transmits the red radiation and is 
absorbed by the shield so that it does not reflect into the detector housing 2, 
as set forth in the '952 application. 

As mentioned above, in a preferred embodiment, the beam splitting 
optics 4a, 4b within the enclosure 1 of the beam separation box may include a 
blank uncoated MgF 2 or CaF 2 beam splitter 4a disposed in the path of the 
main beam line 7a and a highly reflective (HR) mirror for 157 nm VUV 
radiation 4b as an additional beam steering mirror. This configuration is 
advantageously inexpensive to manufacture and prevents problems 
associated with coating damage due to exposure to the high power main 
beam 7a and achieves a visible red light suppression of at least a factor of 10. 
The beam splitter 4a may, however, include one or more coatings. Other 
preferred embodiments may include other optical elements for red light and 
VUV separation, e.g., a diffraction grating, holographic beam sampler or one 
or more dichroic mirrors as described in the '552 application, mentioned 
above. In addition, refractive elements such as one or more dispersion 
prisms preferably comprising CaF 2 or MgF 2 , or alternatively LiF, BaF 2 or the 
like, may be used. 
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In an alternative embodiment, a beam splitter is not used. Instead, a 
first beam is outcoupled from a laser resonator and a second beam is 
outcoupled from the laser resonator already separate from each other. In this 
embodiment, preferably one of the beams is outcoupled from a partially 
reflective resonator reflector, which may be a partially reflecting mirror or 
interferometric device such as may be described at U.S. patent application 
no. 09/715,803, hereby incorporated by reference. The other beam is 
outcoupled from an angled surface of another optical component of the 
resoantor, such as a prism, laser tube window, intracavity beam splitter, 
polarization plate, or attenuator plate. The second beam may be outcoupled 
from a second partially reflective resonator reflector, such that the first beam 
is outcoupled at one end of the resonator and the second beam is outcoupled 
at the other end of the resonator. In an alternative example, the outcoupler of 
the laser resonator may separate the two beam components. Therefore, 
including a beam splitter 4a, or grating, holographic beam sampler, dichroic 
mirror, dispersion prism having a partially reflecting surface, etc. for 
separating a single outcoupled beam into two components such that one 
component is used to process a workpiece and the other incident at a VUV 
detector 3 is merely preferred and not necessary, as understood from the 
above. Any additional optics such as mirror 4b are also merely preferred. 
Preferably, the component measured at the detector 3 has at least one 
parameter such as energy, wavelength, bandwidth, spatial or temporal beam 
profile, divergence, spatial or temporal coherence, etc. that it is desired to be 
measured that has a known relationship to the same parameter in the other 
component that is used for processing the workpiece. 

Fig. 2 shows a schematic view of the detector housing 2 of Fig. 1 in 
more detail. The detector housing 2 includes a gas purge inlet 12, and a 
signal cable connector 14 which is preferably a BNC connector, as shown, 
and may be another signal cable connector as understood by those skilled in 
the art, for transmitting electrical signals between the detector 3 and 
monitoring equipment such as a processor or viewing scope (not shown). 
The signal cable connector 14 is preferably mounted to the housing 2 by a 
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vacuum tight seal. In addition, the detector housing 2 preferably includes one 
or more apertures and slits for insertion of a VUV and/or red light attenuator 
18, one or more scattering plates 20 and the VUV-detector itself 3. The 
detector housing 2 also preferably has a flange 16, such as preferably a 
DN40 flange, for vacuum tight coupling to the enclosure 1 of Fig. 1 . 
Additionally the detector housing 2 is preferably covered by an electrically 
conducting shield (not shown), which could be a fine wire mesh or other 
electrical or magnetic shielding as understood by those skilled in the art, to 
prevent EMV noise from penetrating into the detector housing 2. Preferably, 
the detector housing 2 is vacuum tight at all connections and contains multiple 
purge gas slits including gas inlet 12 to ensure an even and continuously 
flowing purge gas throughput into all areas of the detector housing 2. 

The detector housing 2 may be advantageously quickly evacuated and 
backfilled or purged with an inert gas without accumulation of contaminants or 
VUV photoabsorptive species of gas which could otherwise produce errors in 
monitoring a beam parameter by detecting the small amount of VUV radiation 
7c which is received by at the detector 3 (typically about 1% to 0.001% of the 
radiation density of the main part of the beam 7a). 

As seen in Fig. 2, the detector 3 receives a beam portion 7c which 
enters a front portion 21 of the detector housing 2 where the flange 16 
connects sealable to the enclosure 1 of Fig. 1 . the beam traverses the 
attenuator 18 and scattering plates 20 and preferably one or more apertures 
(not shown) prior to impinging upon the detector 3. The signal cable 
connector 14 is located in a back portion 22a of the detector housing 2. 

Fig. 3 schematically shows a detailed view of a modified embodiment 
of the back portion 22b of a vacuum tight detector, which performs a same 
function as the detector housing 2 of Fig. 2, and which shows the detector 3 
disposed within the back portion 22b. The beam 7c is then incident at the 
detector 3 through an optical opening between the front portion 21 (not 
shown, but see Fig. 2) and the back portion 22b. The signal cable connector 
plug 24 has two O-ring seals 26, 28 between three housing sections 30, 32, 
34 to the back portion of detector housing 22b, making it vacuum tight. 
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Fig. 4a shows several plots of signal intensity versus shot number 
illustrating detector stabilities over millions of 157 nm molecular fluorine laser 
pulses at different exposure levels per pulse and indicating absolute exposure 
amounts. The legend shows the value of fluences which tilt the different 
detector surfaces to produce a similar signal output and the total exposure 
dose accumulated during the illumination run. The 47 jiJ/cm 2 per pulse and 
725 J/cm2 dose was applied at a SXUV detector which included PtSi therein. 
The 3 (iJ/cm 2 and 0.3 (iJ/cm 2 per pulse and 6 J/cm 2 and 3 J/cm 2 dose, 
respectively, were applied at a UVG 100 detector. The 2.2 |iJ/cm 2 per pulse 
and 26 J/cm 2 dose was applied at a Hammamatsu S1226 detector. The 
Hammamatsu S1226 detector began to degrade in the first few million applied 
shots and continued to do so almost linearly, while the SXUV and UVG 100 
detectors showed relatively little or no degradation. 

Fig. 4b shows a plot of detector stability for a SXUV 100 #008 detector 
including platinum silicide, which may in the form of a window through which 
the light of the beam to be monitoring enters the diode structure, or otherwise, 
for reducing VUV exposure induced instabilities of the detector 3. The SXUV 
detector 3 was mounted in an energy detector housing 2 such as described 
above with reference to Figs. 1-3 over several million 157 nm molecular 
fluorine laser pulses. 

Figs. 4a-4b, and additional plots Fig. 6 through Fig. 12b illustrate that 
some detectors degrade in sensivity very quickly when exposed to 157 nrn 
radiation. Other detectors, e.g., the preferred SXUV detector including the 
PtSi window mentioned above, from International Radiation Detectors, Inc. 
(IRD), are very stable under 157 nm laser pulse exposure and are preferably 
used as VUV detectors mounted in the energy monitor housing 2 of the 
preferred embodiment. 

Fig. 5 is an image view of an outside of an energy monitor housing 2 
showing a purge gas inlet 12 , a BNC-signal plug 14 or 24 and a DN40 flange 
16 for vacuum tight mounting. Each of the inlet 12, plug 14 or 24 and flange 
16 have been described with reference to Figs. 2-3 above. 
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Fig. 6 shows several plots of absolute spectral response for different 
VUV-detectors in the spectral range of 120 nm to 250 nm measured by 
tunable synchrotron radiation. Fig. 6 clearly shows the SXUV 007 detector as 
having the highest response among detectors measured in generating the 
plots of Fig: 6. The UVG 004 also exhibited a significant response around 
157 nm, while each of the AXUV 006, ETH 035 and SXUV PTB did not. 

Fig. 6 shows different spectral response curves of several detectors 
which have been investigated to check the stability under 157 nm laser 
exposure. Fig. 6 shows a large difference in amount of degradation between 
the detectors tested. Based on the plots of Fig. 6, one can see why the SXUV 
007 is a preferred detector and the UVG 004 is alternatively preferred, while 
the others indicated at Fig. 6 are not preferred as being suitable for energy 
monitoring for long term regulation and stabilization of F 2 laser 157 nm output. 

As seen in Fig. 6 the relative sensitivities of the detectors measured 
under 157 nm exposure differs by several orders of magnitude. The UVG 004 
detector demonstrates a high sensitivity, and also a strong variation of 
sensitivity in this spectral region, whereas other detectors possess a smooth 
and flat spectral sensitivity curve (measured by tunable synchrotron 
radiation). 

Figs. 7a-7d show plots illustrating that a small degradation of spectral 
sensitivity for each of a UVG 100 VUV-detector (Figs. 7a-7b) and a UVG 004 
VUV-detector (Figs. 7c-7d) is observed after 157 nm exposure with more than 
one billion laser shots. Fig. 7a shows plot a and plot b of spectral response of 
a UVG 005 detector versus wavelength respectively after and before 
exposure by more than one billion 157 nm laser shots. Fig. 7b shows a 
calibration plot indicating an amount of degradation of the detector versus 
wavelength over the exposure period, wherein 1 .0 would indicate that no 
degradation has occurred due to the 157 nm radiation exposure. At 157 nm, 
the spectral response was shown to decrease by about 25%. 

Fig. 7c shows plot a and plot b of spectral response of a UVG 004 
detector versus wavelength respectively after and before exposure by more 
than one billion 157 nm laser shots. Fig. 7d shows a calibration plot again 
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indicating an amount of degradation versus wavelength, wherein 1.0 would 
indicate that no degradation has occurred due to the 157 nm radiation 
exposure. At 157 nm, the spectral response was shown to decrease by about 
5%. 

As seen by observing Figs. 7a-7b and Figs. 7c-7d, the individual UVG 
detectors, i.e., UVG 005 and UVG 004, show remarkable differences in both 
their individual spectral response curves and in the amount of degradation 
due to long term 157 nm exposure. Though these UV-photodiodes have been 
successfully used for 193 nm and 248 nm detection in adequate DUV energy 
monitors for those excimer lasers, Figs. 7a-7d indicate that they may not be 
reliable enough for usage as VUV energy monitor detectors for the 157 nm 
radiation of the F2-laser. 

Figs. 8a-8b show plots illustrating that a strong degradation of spectral 
sensitivity of an AXUV 100 VUV-detector is observed after 157 nm exposure 
with more than one billion laser shots. Fig. 8a shows plot a and plot b of 
spectral response of a AXUV 006 detector versus wavelength respectively 
after and before exposure by more than one billion 157 nm laser shots. Fig. 
8b shows a calibration plot indicating an amount of degradation versus 
wavelength for the detector due to the exposure, wherein again 1 .0 would 
indicate that no degradation has occurred due to the 157 nm radiation 
exposure. At 157 nm, the spectral response was shown to decrease by more 
than 60%. 

Figs. 9a-9b show plots a and b of spectral response after and before 
exposure, respectively, illustrating that a negligible degradation of spectral 
sensitivity of a SXUV 100 VUV-detector is observed after 157 nm exposure 
with more than one billion laser shots. Fig. 9b shows that at 157 nm, the 
spectral response was shown to decrease by less than 3%. 

Figs. 10a-10b show spectral responses of two respective SXUV-VUV- 
detectors, i.e., SXUV 037 and SXUV 002, after 157 nm exposure with more 
than one billion laser shots. Fig. 10a is a plot for a SXUV 037 detector and 
Fig. 10b is a plot for a SXUV 002 detector. Only small individual deviations 
are observed between the two plots which are each advantageously smooth. 
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Figs. 1 1 a-1 1b shows plots a and b of a PtSi 042 detector respectively 
after and before exposure to more than one billion 157 nm laser shots, 
illustrating that a nearly zero degradation of spectral sensitivity is incurred. 
That is, as shown in Fig. 11b, the spectral sensitivity of the PtSi 042 detector 
after exposure to more than one billion 157 nm laser shots was about 100% of 
its sensitivity before the exposure. Thus, the PtSi 042 detector showed no 
observable degradation in sensitivity at 157 nm. For this reason, and by also 
observing the plots of Figs. 9a-10b, a detector including a PtSi window is 
advantageously included in a detector for 157 nm radiation of a molecular 
fluorine laser. 

Fig. 11c shows an embodiment of a preferred detector 3 for use in a 
detector housing 2 coupled with a beam path enclosure 1 as described above 
with respect to Figs. 1-3. The detector 3 is manufactured by International 
Radiation Detectors, Inc. and further information may be found at www.ird- 
inc.com , which information contained at that web site is hereby incorporated 
by reference. 

The detector 3 shown includes a platinum silicide (PtSi) window 38 for 
reducing VUV radiation exposure induced instability of the detector 3. More 
than one PtSi layer may be included in the detector design. The platinum 
silicide layer may be located in another location, such as beneath one or more 
other material layers of the device. The detector 3 also preferably includes a 
defect free n-type region 40 beneath the PtSi window 38 and above an 
epitaxial p-type region of between 6-100 microns in thickness which itself lies 
above a p + substrate 44 over a chromium gold base layer 46. The detector 3 
also preferably has four aluminum contacts 48 and four insulating field oxide 
regions 50. A pair of p + regions and a pair of n + regions are also shown 
implanted into the epitaxial layer 42. 

It is recognized herein that the presence of the PtSi reduces VUV 
radiation exposure induced instability of the detector 3. The PtSi may be used 
in combination with other materials to form a hybrid layer. The PtSi may have 
substitutional or inter-dispersed species doped therein, or PtSi itself may be 
doped into another material-type layer. Several PtSi layers may be included, 
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wherein the PtSi layers may have other material layers therebetween. It is 
recognized herein that PtSi may be used in a detector that is protected within 
an enclosure for delivering VUV radiation, particularly around 157 nm, as is 
preferably emitted by a molecular fluorine laser, and that although a preferred 
embodiment is shown at Fig. 1 1c as a detailed schematic of a detector 3 of 
Figs. 1-3, the detector 3 of Figs. 1-3 preferably includes PtSi in any of a 
variety of forms and locations within the detector 3 as may be understood by 
those skilled in the art. 

Figs. 12a-12b illustrate a high stability in spectral sensitivity of a GaP 
VUV detector EP440_3,6 S is observed in plots b and a respectively before 
and after 157 nm exposure with more than one billion laser shots. An 
increase in spectral sensitivity is actual shown of about 15-20% after the 
exposure with very good stability. Therefore, the GaP detector is alternatively 
preferred for use with a detector 3 with the housings 1 and 2 of the preferred 
embodiment (see Figs. 1-3). 

As seen from the graphs shown in Figs. 4a-4b, 6-1 1b and 12a-12b, the 
SXUV (IRD) detector (see Figs. 9a-9b), the PtSi (ETH) detector (see Figs. 
11a-11c) and the GaP detector (EP440_3,6 S) (see Figs. 12a-12b) each show 
small or negligible degradation, and any of these detectors are used as an 
VUV 157 nm energy detector 3 in the preferred embodiment. 

The PtSi detector of Figs. 1 1a-1 1c and the SXUV detector of Figs. 9a- 
9b are particularly preferred based on their smooth sensitivity curves. That is, 
besides the very small degradation in sensitivity <5% and <2%, respectively, 
these detectors possess a smooth sensitivity curve and the very small 
fluctuations between individual pieces of the detector (see Figs. 10a-10b). 
These detectors are advantageous for series production because the energy 
monitors can be easily pre-adjusted using the same components (e.g., using 
the same number of attenuators 18, see Fig. 2), reducing time consumption 
for individual adjustment and calibration. 

The VUV-detectors SXUV (IRD) and PtSi (ETH) are thus suitable for 
VUV detection of the 157 nm emission of the F2-molecular fluorine laser as 
providing a sufficiently high signal without degradation over a long period of 
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laser exposure and as being capable of resolving individual laser pulses with 
repetition rates higher than 500 Hz for individual pulse regulation. The 
individual deviation of the sensitivity of these kinds of photodetectors is small 
and therefore they can be easily used in routine production. 

It is also noted that the responsivity of SXUV-1 00 diodes is typically 
about eight times lower than the UVG-100 diodes. However, this may be an 
advantage as then less attenuation will be used for the SXUV diodes than for 
the UVG-100 diodes. Specifications for the UVG-100 diodes may also be 
found at www.ird-inc.com , mentioned above with respect to specifications for 
the SXUV diodes including the advantageous PtSi window. It is also noted 
here that the preferred detectors may be used after some in modification of 
the energy monitor housing 2 also as an energy monitor for the 122 nm 
emission of the Ar 2 -laser. In addition, diamond detectors and quantum 
converter detectors may alternatively be used for the detector 3 of the 
preferred embodiment. 

The object of the invention is thus met. The preferred embodiments 
described above for the energy monitor is preferably vacuum tight and/or inert 
gas purge system mounted on a beam delivery block which contains beam 
splitting optics, apertures and means to block and remarkable attenuate the 
visible red light emission which may be produced by the F2-laser radiation. 
This preferred energy monitor design, including the usage of some 
surprisingly stable UV-photodetectors for VUV-157 nm detection permits 
stable long-term energy regulation and stabilization of the F2-molecular laser 
for the first time. Several UV-photodetectors have been tested for usability in 
the VUV range. Only a small number of them are observed as being useful 
under certain illumination conditions, as realized by the preferred monitor 
shown at Figs. 1-3, and show a stable and reliable performance in energy 
monitor design as given in these preferred embodiments. 

Fig. 13 shows a molecular fluorine laser system in accord with a 
preferred embodiment. Fig.; 13 and the description that follows is also 
applicable to the preferred ArF laser system except for discussion of the 
separating of 157 nm and visible radiation, and so a separate ArF laser 
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description is not included hereunder. The system includes a laser chamber 2 
filled with a gas mixture and having a pair of main electrodes 3 and one or 
more preionization electrodes (not shown). The electrodes 3 are connected 
to a solid-state pulser module 4. A gas handling module 6 is connected to the 
laser chamber 2. A high voltage power supply 8 is connected to the pulser 
module 4. A laser resonator is shown surrounding the laser chamber and 
including a rear optics module 10 and a front optics module 12. An optics 
control module 14 communicates with the rear and front optics modules 10, 
12. A computer or processor 16 control various aspects of the laser system. 
A diagnostic module 18 receives a portion of the output beam 20 from a beam 
splitter 22. 

The gas mixture in the laser chamber 2 typically includes about 0.1 % 
F2 and 99.9% buffer gas. For the ArF laser, about 1% argon is include with 
0.1% fluorine and 98.9% buffer gas. The buffer gas preferably comprises 
neon and may be a mixture of neon and helium (see U.S. patent no. 
6,157,162, which is hereby incorporated by reference. A trace amount of a 
gas additive such as xenon, argon or krypton may be included (see U.S. 
patent applications no. 09/513,025 and 60/160,126, which are each assigned 
to the same assignee as the present application and are hereby incorporated 
by reference). 

The gas mixture is preferably monitored and controlled using an expert 
system (see U.S. patent application no. 09/379,034, which is assigned to the 
same assignee, and U.S. patent no. 5,440,578, each of which is hereby 
incorporated by reference). One or more beam parameters indicative of the 
fluorine concentration in the gas mixture, which is subject to depletion, may be 
monitored, and the gas supply replenished accordingly (see U.S. patent 
applications no. 09/447,882, 09/418,052, 09/379,034, 60/171,717 and 
09/484,818 applications, which are assigned to the same assignee and are 
hereby incorporated by reference). The diagnostic module 18 preferably 
includes monitoring equipment or a detector as set forth above, and which 
may also be positioned to receive a beam portion split off from within the laser 
resonator, as mentioned above (see also U.S. patent application no. 
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60/166,967, which is assigned to the same assignee as the present 
application and is hereby incorporated by reference). The processor 16 
preferably receives information from the diagnostic module 18 concerning the 
halogen concentration in the gas mixture and initiates gas replenishment 
actions such as micro-halogen injections, mini and partial gas replacements, 
and pressure adjustments by communicating with the gas handling module 6. 

Although not shown, the gas handling module 6 has a series of valves 
connected to gas containers external to the laser system. The gas handling 
module 6 may also include an internal gas supply such as a halogen and/or 
xenon supply or generator (see the '025 application). A gas compartment or 
(not shown) may be included in the gas handling module 6 for precise control 
of the micro halogen injections (see the '882 and 717 applications, mentioned 
above, and U.S. patent no. 5,396,514, which is assigned to the same 
assignee as the present application and is hereby incorporated by reference). 

The wavelength and bandwidth of the output beam 20 are also 
preferably monitored and controlled. A preferred wavelength calibration 
apparatus and procedure are described at the '344 application, mentioned 
above, and at U.S. patents no. 6,160,832 and 4,905,243, which are hereby 
incorporated by reference. The monitoring equipment may be included in the 
diagnostic module 18 or the system may be configured to outcouple a beam 
portion elsewhere such as from the rear optics module, since only a small 
intensity beam portion is typically used for wavelength calibration (see the 
( 832 patent). The diagnostic module 18 may be integrated with the front 
optics module 12, and the line-narrowing components of the resonator may be 
integrated in the front optics module 12, as well, such that only a HR mirror 
and an optional aperture are included in the rear optics module 10 (see U.S. 
patent application no. 60/166,967, which is assigned to the same assignee as 
the present application and is hereby incorporated by reference). 

Preferred main electrodes 3 are described at U.S. patent applications 
no. 60/128,227, 09/453,670 and 60/184,705, which are each assigned to the 
same assignee as the,present application and are hereby incorporated by 
reference. Other electrode configurations are set forth at U.S. patents no. 5, 
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729,565 and 4,860,300, each of which is assigned to the same assignee and 
is hereby incorporated t>y reference. Preferred preionization units are set 
forth at U.S. patent applications no. 09/692,265 and 09/247,887, each of 
which is assigned to the same assignee as tRe present application and is 
hereby incorporated by reference. The preferred solid state pulser module 4 
and the high voltage power supply 8 are set forth at U.S. patents no. 
6,020,723 and 6,005,880 and U.S. patent applications no. 09/432,348, 
60/149,392, 60/204,905 and 09/390,146, each of which is assigned to the 
same assignee as the present application and is hereby incorporated by 
reference into the present application. 

The resonator includes optics for line-selection and also preferably for 
narrowing the selected line (see U.S. patent applications no. 09/317,695, 
09/317,527, 09/657,396, 60/212,183, 09/599,130, 60/170,342, 60/166,967, 
60/170,919, 09/584,420, 60/212,257, 60/212,301, 60/215,933, 09/130,277, 
09/244,554, 60/124,241, 09/599,130, 09/598,552, 60/147,219, and 
09/073,070, 60/212,183 and U.S. patents no. 5,761,236 and 5,946,337, each 
of which is assigned to the same assignee as the present application, and 
U.S. patents no. 5,095,492, 5,684,822, 5,835,520, 5,852,627, 5,856,991 , 
5,898,725, 5,901,163, 5,917,849, 5,970,082, 5,404,366, 4,975,919, 
5,142,543, 5,596,596, 5,802,094, 4,856,018, and 4,829,536, all of which are 
hereby incorporated by reference). Some of the line selection and/or line 
narrowing techniques set forth in these patents and patent applications may 
be used in combination with or alternative to any of the aspects of the 
invention set forth below. 

Also particularly for the molecular fluorine laser system, an enclosure 
(not shown) seals the beam path of the beam 20 such as to keep the beam 
path free of VUV photoabsorbing species and/or sub-200 nm photoabsorbing 
species, as described above. Smaller enclosures preferably seal the beam 
path between the chamber 2 and the optics modules 10 and 12. 
Advantageously, the diagnostic components may be integrated into the front 
optics module 12, separate enclosure components that would otherwise be 
used between, e.g., a separate diagnostic module 18 and beam splitter 
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module 22, or between the front optics module 12 and beam splitter module 
22, would not be used. The preferred enclosure is described above in detail, 
and variations may be derived from U.S. patent applications no. 09/343,333, 
09/598,552, 09/594,892, 09/131,580 and 60/140,530, each of which is 
assigned to the same assignee and is hereby incorporated by reference, and 
alternative configurations are set forth at U.S. patents no. 5,559,584, 
5,221,823, 5,763,855, 5,811,753 and 4,616,908, all of which are hereby 
incorporated by reference. 

Those skilled in the art will appreciate that the just-disclosed preferred 
embodiments are subject to numerous adaptations and modifications without 
departing from the scope and spirit of the invention. Therefore, it is to be 
understood that, within the scope and spirit of the invention, the invention may 
be practiced other than as specifically described above. In particular, the 
invention is to be interpreted in accordance with the appended claims, and 
equivalents thereof, without limitations being read from the specification 
above. 



